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v Hermetic	EMCal	+	HCal
v Jet	relatively	directly	comparable	with	LHC

v Precise	and	fast	tracking
v Time	Projection	Chamber	(TPC)
v Silicon	strip	intermediate	tracker	(INTT)
v Monolithic	 Active	Pixel	Sensor	(MAPS)

v High	speed	DAQ:	15kHz
v 100	billion	MB	Au+Au	 in	22	weeks



Calorimetry:	Design	and	Simulation

2/14/17 Haiwang	 for	Santa	Fe	Jet	and	HF	workshop 4

Physics	Goal Detector	Requirement
Jets/Fragmentation	Functions/jet	

substructure
Single particle Resolution:	

σ/E	<	100%/√E	

Distinguish	Upsilon	States Good	e/π	separation

HF	jet	tagging Electron	ID

GEANT4

Fully assembled inner HCAL 

2 

Beam

Beam	Test in	FNL



Calorimetry:	Beam	Test,	EMCal
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Fig. 20: Cluster energy distribution of electron showers in EMCal (blue points), for which the beam incident angle is 10 degrees
and a 5 ⇥ 5 mm2 beam cross section is selected at the center of one EMCal tower. The central tower and most near-by tower
are produced at UIUC. For each panel, data for one choice of beam energy is selected as shown in the title and the energy
resolution prior to unfolding a beam momentum spread (�p/p ⇡ 2%) is extracted with a Gaussian fit at the electron peak (red
curve). Low energy tails stems from multi-particle background is excluded from the fit.
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Fig. 21: Linearity and resolution of electron showers in EMCal towers produced at UIUC and THP, for which a 10 ⇥ 5 mm2

beam cross section is selected at the center of one EMCal tower. The beam incident angles are 10 degrees (blue) and 45 degrees
(red). Data (points) are fit with linear (left solid curves) and �E/E =

p
a

2 + b

2
/E function with results labeled on plot (right

solid curves), which are compared with simulation (dashed curves). A beam momentum spread (�p/p ⇡ 2%) is unfolded and
included in the resolution.

hadronic showers in EMCal within a factor of two. Meanwhile,757 the simulation tune using QGSP BERT HP physics list [21]758
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Physics	Goal Detector	Requirement
Jets/Fragmentation	Functions/jet	

substructure
Single particle Resolution:	

σ/E	<	100%/√E	

Distinguish	Upsilon	States Good	e/π	separation

HF	jet	tagging Electron	ID

Beam	Test	in	FNL
• Good	consistency	with	simulation
• Performance	satisfies	requirement
• Paper	coming	soon	



Physics	Goal Detector	Requirement
Jets/Fragmentation	Functions/jet	

substructure
Single particle Resolution:	

σ/E	<	100%/√E	

Distinguish	Upsilon	States Good	e/π	separation

HF	jet	tagging Electron	ID

Calorimetry:	Beam	Test,	HCal
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Fig. 25: Tower to tower calibration for inner and outer HCal was done with cosmic muons. (a) Inner HCal cosmic muon energy
deposition in simulation in one column. Muons were simulated at 4 GeV moving from the top to bottom. Bottom towers energy
depositions are higher due to the tilted plate design where muons has to go through a longer path through the scintillating tiles.
(b) Measured raw ADC spectrum of cosmic MIP events in the inner HCal.
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Fig. 26: Hadron reconstruction in standalone HCal setup. Cali-
brated 4⇥4 tower energies were added together from inner and
outer HCal. The simulation is shown by the filled histogram and
the solid points are the data. Both are in good agreement. The
peak at the lower energies in the data corresponds to the small
fraction of muon events that MIP through the HCal, were not
simulated.

matches the expected resolution from simulations very well.847

The HCal was calibrated for hadronic showers and then used848

to measure electron showers. The electron resolution for the849

standalone HCal is 8.1 � 31.3%/

p
E. This demonstrates the850

HCal’s ability to assist the EMCal by measuring the electron851

energy leaking from the EMCal into HCal.852

As seen in Figure 27(b), the hadron energy response is853

well described by a linear fit where reconstructed energy is854

same as the input energy. The bottom panel shows the ratio855

between the reconstructed energy and the fit. The 4 GeV hadron856

measurement is poor due to the fact that the hadron peak is hard857

to distinguish because it is too close to muon MIP peak as seen858

in Figure 26. The electrons are described well with a second859

order polynomial due to non-linear e/h response.860

Figure 28 shows the HCal hEei/hE⇡i response. Data is861

compared with several different GEANT4 simulation setups by862

changing physics lists and Birk’s constants. Simulation with a863

Birk’s constant of 0.02 cm/MeV describes the data well.864

E. Hadron Measurement with sPHENIX configuration865

The full hadron measurement is done with the sPHENIX866

configuration, which includes all three segments of calorimeters867

including the EMCal in front of the HCal. In this configuration868

the total energy will be reconstructed by summing up the869

digitized data from both the EMCal and HCal. The development870

of hadronic showers is a complicated process with significant871

fluctuations of the reconstructed energy compared to electro-872

magnetic showers. Distinguishing the shower starting position873

helps to understand the longitudinal shower development fluc-874

tuations. Therefore, in this analysis, the events are sorted into875

three categories depending on their longitudinal shower profile:876

• HCALOUT: Events where hadron showers MIP through877

the EMCal and inner HCal. These showers are developed878

primarily in the outer HCal alone or MIP through the full879

calorimeter system. These events are shown as the blue880

curve in Figure 29.881

• HCAL: Events where hadron showers MIP through the882

EMCal. In these events, hadron showers start either in883

the inner HCal or outer HCal or MIP through all three884

16

Spec: ≤	100%/√E



Tracking
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Physics	Goal Detector	Requirement

Fragmentation	Functions Excellent	Momentum	Resolution:	
dp/p	~	0.2%pto	>	40	GeV/c

Jet	Substructure Excellent	track	pattern	recognition

Distinguish	Upsilon	States Mass	resolution: σM <	100	MeV/c2

HF	jet	tagging Precise	DCA	resolution	σDCA <	100	μm

TPC

MAPS

INTT

GEANT4



Tracking
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Physics	Goal Detector	Requirement

Fragmentation	Functions Excellent	Momentum	Resolution:	
dp/p	~	0.2%pto	>	40	GeV/c

Jet	Substructure Excellent	track	pattern	recognition

Distinguish	Upsilon	States Mass	resolution: σM <	100	MeV/c2

HF	jet	tagging Precise	DCA	resolution	σDCA <	100	μm

Central	Au+Au

Central	Au+Au

Central	Au+Au

*Simulation	 results	in	Sep.	2016



Jet	at	sPHENIX
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• Jets interact minimally until their virtuality ~ medium 
virtuality
• Jets from the highest collision energies are mostly 

vacuum (pQCD) dominated
• Measure low ET jets at RHIC energies!

• Sample ~100 billion Au+Au events in 1 year
• 107 jets > 20 GeV
• 106 jets > 30 GeV
• 80% are dijet events
• 104 direct γ > 20 GeV

• Required Detector Performance
• Single particle resolution:  σE/E < 100%/√E 
• Jet: σE/E < 120(150)%/√E in p+p(Au+Au)
• Photon Energy resolution σE/E<15%/√E 
• dp/p ~ 0.2% p to > 40 GeV/

How does the QGP evolve along with the parton shower? The Physics Case for sPHENIX

Temperature [MeV]
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Jet Virtuality Evolution
 = 20-80 GeVTRHIC E

RHIC QGP Medium Influence
 = 100-1000 GeVTLHC E

LHC QGP Medium Influence

Figure 1.18: Scale probed in the medium in [1/fm] via high energy partons as a function of the local
temperature in the medium. The red (black) curves are for different initial parton energies in the
RHIC (LHC) medium.
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sPHENIX	Jet	Reconstruction	Performance
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• Anti-kT method,	FastJet	Package

• Full	GEANT4	simulation	for	p+p	for	detector	response
• Fast	simulation	for	Au+Au	for	UE	effect

• Background	subtracted
• Method	based	on	ATALAS	method,	arXiv:1203.1353

• Full	GEANT4	simulation	for	Au+Au combined	with	knowledge	
from	beam	test	will	be	used	to	evaluate	the	performance	of	the	
background	subtraction	
• jet	energy	measurements
• photon	 isolation
• calorimeter	clustering

arXv:1501.06197

arXv:1501.06197arXv:1501.06197
arXv:1501.06197



! jet
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• ! jet	events	are	the	“golden	channel"	for	the	calibration	of	
initial	quark	energy

• Simulation	of	!-jet	events	with	PYTHIA
• Compare	energy	clustered	into	 jet	versus	photon
• Effect	of	detector	resolution

• Performance	with	heavy	ion	background	will	be	quantified	
in	the	future



! jet
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! tagged	Jet	FF,	expected	
relative	statistical	uncertainty	
with	10k	! jet	events.		



b-jet
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• b-jet:	unique	energy	loss	signatures	due	to	large	mass	(4.2GeV/c2)
• b-jet	at	RHIC:

• Reconstruct	jet	at	energy	as	low	as	15	GeV,	where	the	quark	mass	is	more	important	for	the	energy	loss	
mechanisms	

• Main	process	is	g+g⟶b+bor	g+b⟶g+b.

• b-jet	tagging	at	sPHENIX:
• Very	good	DCA	resolution	 (25	"m	for	pT 1-2	GeV/c)	compared	with	B,	D	meson	life	time.
• Acceptable	DCA	tail	with	preliminary	HIJING	embedding	simulation.
• Various	tagging	methods.
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b-jet	tagging:	Full	GEANT4	Simulation	for	p+p	and	Au+Au
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Input:
• p+p	jetty	event	sample	simulated	 in	PYTHIA8	hard-QCD	mode,	 jets	with	minimal	pT	of	20	GeV
• PYTHIA	8	20	GeV	jets	embedded	into	0-4fm	central	HIJING	events	to	study	b-jet	tagging	in	central	Au+Au	

collisions
• Initial	b-jet,	 l-jet	cross-section	 from	PYTHIA	8	simulation	 are	with	good	consistency	with	previous	 PHENIX	

paper/FONLL	calculation.	This	will	be	used	to	calculate	the	b-jet	purity

Tracker:	Geant4	used	to	simulate	response	of	tracking	detector

Reconstruction:
• Hough	Transformation	based	pattern	recognition
• GenFit2	based	track	fitting	and	DCA	extrapolation.
• RAVE	based	vertexing



b-jet	tagging:	Impact	Parameter	Method
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Jet+HIJING

Pythia JetReconstruction:
• Hough	Transformation	based	pattern	recognition
• GenFit2	based	track	fitting	and	DCA	extrapolation.
• Using	RAVE	in	single	vertexing	mode	for	vertexing
• DCAxy and	DCAz extrapolated	with	regarding	to	

reconstructed	vertex

b-jet	tagging:

• Define	#$%& = 	
$%&)*
+,-.)*

/
+ $%&1

+,-.1

/

• Sign	of	SDCA defined	 as	sign	of	234	56789: ; <68 	56789:
• Make	different	SDCA cut	for	largest,	second	 largest,	third	

largest	SDCA track	in	a	jet	cone.
• From	the	efficiency	vs.	SDCA,min for	l-jet,	c-jet	and	b-jet,	

calculate	l-jet/c-jet	efficiency	vs	b-jet	efficiency.	
• Calculate	b-jet	purity	vs.	tagging	efficiency	based	on	

initial	ratio	from	Pythia.

quality		<	5

quality		<	1.5



b-jet	tagging:	Impact	Parameter	Method
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Reconstruction:
• Hough	Transformation	based	pattern	recognition
• GenFit2	based	track	fitting	and	DCA	extrapolation.
• Using	RAVE	in	single	vertexing	mode	for	vertexing
• DCAxy and	DCAz extrapolated	with	regarding	to	

reconstructed	vertex

b-jet	tagging:

• Define	#$%& = 	
$%&)*
+,-.)*

/
+ $%&1

+,-.1

/

• Sign	of	SDCA defined	 as	sign	of	234	56789: ; <68 	56789:
• Make	different	SDCA cut	for	largest,	second	 largest,	third	

largest	SDCA track	in	a	jet	cone.
• From	the	efficiency	vs.	SDCA,min for	l-jet,	c-jet	and	b-jet,	

calculate	l-jet/c-jet	efficiency	vs	b-jet	efficiency.	
• Calculate	b-jet	purity	vs.	tagging	efficiency	based	on	

initial	ratio	from	Pythia.



Reconstruction:
• Hough	Transformation	based	pattern	recognition
• GenFit2	based	track	fitting	and	DCA	extrapolation.
• Using	RAVE	in	single	vertexing	mode	for	vertexing
• DCAxy and	DCAz extrapolated	with	regarding	to	

reconstructed	vertex

b-jet	tagging:

• Define	#$%& = 	
$%&)*
+,-.)*

/
+ $%&1

+,-.1

/

• Sign	of	SDCA defined	 as	sign	of	234	56789: ; <68 	56789:
• Make	different	SDCA cut	for	largest,	second	 largest,	third	

largest	SDCA track	in	a	jet	cone.
• From	the	efficiency	vs.	SDCA,min for	l-jet,	c-jet	and	b-jet,	

calculate	l-jet/c-jet	efficiency	vs	b-jet	efficiency.	
• Calculate	b-jet	purity	vs.	tagging	efficiency	based	on	

initial	ratio	from	Pythia.

b-jet	tagging:	Impact	Parameter	Method
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b-jet	tagging:	Secondary	Vertex	Method
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b-jet	tagging:
• Running	RAVE	first	in	single	 vertexing	mode	to	

reconstruct	primary	vertex	(PV).
• Running	RAVE	with	tracks	in	jet	cones	in	multiple	

vertexing	mode	to	reconstruct	secondary	 vertices	
(SV).

• Make	cut	on	sigmalized	distance	between	PV	and	SV.
• Calculate	b-jet	purity	vs.	tagging	efficiency	as	shown	

below



b-jet	tagging:	Secondary	Vertex	Method

2/14/17 Haiwang	 for	Santa	Fe	Jet	and	HF	workshop 19

b-jet	tagging:
• Running	RAVE	first	in	single	 vertexing	mode	to	

reconstruct	primary	vertex	(PV).
• Running	RAVE	with	tracks	in	jet	cones	in	multiple	
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B	⟶ D0⟶ K	=
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• D0⟶ K	=

• Fast	simulation	 package:
1)	Sample	event	vtx distributions
2)	Throw	signal	(D0,	B)	or	background	(pi,K,p from	Hijing)	tracks,	
decay	if	needed
3)	Smear	the	track	origin	with	(DCAxy,	DCAz)	2D	distributions
4)	Smear	the	momentum	according	to	the	momentum	resolution
5)	Full	reconstructed	helices	 ->	reconstruct	secondary	 vertex
6)	Calculate	the	signal	efficiency	or	background	accept-rate

• Analysis	method	similar	as	arXiv:1701.06060 (STAR)
FastSim
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• D0⟶ K	=

• Fast	simulation	 package:
1)	Sample	event	vtx distributions
2)	Throw	signal	(D0,	B)	or	background	(pi,K,p from	Hijing)	tracks,	
decay	if	needed
3)	Smear	the	track	origin	with	(DCAxy,	DCAz)	2D	distributions
4)	Smear	the	momentum	according	to	the	momentum	resolution
5)	Full	reconstructed	helices	 ->	reconstruct	secondary	 vertex
6)	Calculate	the	signal	efficiency	or	background	accept-rate

• Analysis	method	similar	as	arXiv:1701.06060 (STAR)

• Calculate	expected	statistical	uncertainty	of	prompt/non-prompt	
D	RCP and	V2



Upsilon⟶ e++e-
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Un-corr.	Bg.
Subtraction

• Upsilons	provide	an	excellent	probe	for	studying	the	
screening	length	in	the	QGP

• eID:	100:1	pion	rejection	@	90%	electron	eff.	in	Au+Au
• Energy	matching
• Shower	shape

• Tracking	momentum	resolution	good	enough	to	resolve	
three	> states

• Combinatorial	background	shape	taken from	PHENIX	=0
spectra	in	Au+Au	with	eID	rejection	factor
• Could	be	subtracted	by	mixing	events

• Correlated	background	(bottom,	charm	semi-leptonic	
decays	and	DY)	shape	predicted	by	PYTHIA	and	scaled	to	
PHENIX	charm	and	bottom	cross-section	 in	Au+Au
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• Upsilons	provide	an	excellent	probe	for	studying	the	
screening	length	in	the	QGP

• eID:	100:1	pion	rejection	@	90%	electron	eff.	in	Au+Au
• Energy	matching
• Shower	shape

• Tracking	momentum	resolution	good	enough	to	resolve	
three	> states

• Combinatorial	background	shape	taken	from	PHENIX	=0
spectra	in	Au+Au	with	eID	rejection	factor
• Could	be	subtracted	by	mixing	events

• Correlated	background	(bottom,	charm	semi-leptonic	
decays	and	DY)	shape	predicted	by	PYTHIA	and	scaled	to	
PHENIX	charm	and	bottom	cross-section	 in	Au+Au

• Updated	results	with	more	detailed	eID	rejection	and	more	
sophisticated	correlated	background	will	be	available	soon.



2016	for	sPHENIX
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üCollaboration	formed	(Dec	2015)
üSuccessful	magnet	tests	
üSuccessful	Test	Beam	of	calorimeter	system
üTracking	system	more	defined:	TPC	+	INTT	+	MAPS
üImproved	simulations
üCD-0!	Approve	Mission	Need
• DOE	project	phase:	Initiation



Summary	and	Outlook
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v sPHENIX	Collaboration:	62	institutions,	 235	collaborators	&	growing

v sPHENIX	obtained	CD-0	and	working	 toward	next	stage

v Successful	test	beam	in	2016	and	new	high	eta	test	beam	going	on

v Tracking	system	more	defined
v MAPS,	 INTT,	TPC

v Topical	groups	studying	 the	physics	goals	with	more	sophisticated	simulations
v Jet	Structure
v Heavy	Flavor	Jet
v Upsilon
v Cold	QCD



Backups



Tracking	Subsystems
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• 3	layers	Si	sensors
• Based	on	ALICE	

ITS	upgrade
• DCAxy <	70	μm
• |zvtx|<	10	cm

MAPS

INTT TPC
• 4	layers	Si	strips
• Use	PHENIX		

FVTX	electronics
• Pattern	recognition,	DCA,	

connect	tracking	systems,	
reject	pile-up

• Radius	20–78	cm
• ~250	μm	effective	

hit	resolution
• Continuous	(non-gated)	readout
• Pattern	recognition,	momentum	

resolution,	pT 0.2-40	GeV/c
The	intermediate	tracking	system	of	the	sPHENIX	detector	at	RHIC G.	Mitsuka

sPHENIX	TPC	mechanical	design
K.	Dehmelt

R&D	Studies	 for	the	sPHENIX	Time	
Projection	Chamber P.	Garg

R&D	for	the	sPHENIX	MAPS	inner	 tracker [M.	Liu]



Realistic	Geometry	for	Tracking	Coming	Soon
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Realistic	Geometry



Photon	clustering	algorithm
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Response

• Algorithm A
• Cluster = contiguous towers E > Ethreshold

• Algorithm B
• Noise reduction à E > Ethreshold

• Neighboring towers which satisfy noise threshold = 
“isolated cluster”

• Find “local max tower” and “peak area” around it
• Etower with contribution from 2+ peak areas divided into 

peak areas 
• Parameterized shower shape function

• Redefine “core cluster” within cluster area as towers Esum
> Ethreshold of peak area


